Introduction
The daily energy requirements of individuals (parents and chicks) at the nest site vary with stage of reproduction (Ricklefs 1983) . To maximize lifetime reproductive success, therefore, the parents must decide how much energy should be used on reproduction and how much should be used in self-maintenance throughout the breeding period (Tveraa et al. 1998 ). However, in Procellariform seabirds there has been considerable debate as to whether adults can regulate provisioning rates (feeding frequency and feed mass) according to the nutritional requirements or growth of chicks (Tveraa et al. 1998 , Granadeiro et al. 1999 ). This controversy mainly arises from the fact that the chicks accumulate large amounts of fat during the nestling period (up to 50% of body mass; Ricklefs et al. 1980) , which is lost prior to fledging (Lack 1968 , Warham 1990 ). Ricklefs & Schew (1994) suggested that the accumulation of fat is a result of chronic overfeeding by parents to minimize the starvation of the chicks as a consequence of natural stochastic variation and implied that parents may have little information on the nutritional status of the chicks at each feed event because of long feeding intervals. This hypothesis indicates that parents have a limited ability to respond to the demands of chicks and is supported by several studies, showing adults have an inflexible provisioning rate in relation to the short-term requirements of chicks (Ricklefs 1992 , Hamer & Hill 1993 , Hamer 1994 .
In contrast, other studies shown that some species appear to adjust the level of provisioning according to the nutritional condition of chicks (Bolton 1995a , b, Hamer & Thompson 1997 , Granadeiro et al. 1999 . These results were usually observed in species , which feed their chicks relatively frequently (less than 2 days), implying that parents can obtain information on chick nutritional status during short intervals. However, Hamer et al. (1998) and Phillips & Hamer (2000) suggested that although some adults are able to respond to changes in chick condition, this does not refute the hypothesis that nestling obesity provides a buffer against highly variable food delivery. These observations and debate suggest that lipid accumulation in procellariiformes does not have a unified explanation (Hamer & Thompson 1997 , Granadeiro et al. 1999 . Moreover, it leads to doubt about how parents having an ability to adjust provisioning rate in accordance with the nutritional status of chicks make them accumulate large fat. Therefore, further studies of detailed response of parents on the requirements of chicks are needed, especially during the stages when the demands of chicks or burdens of parents are changing relatively rapidly. Procellariiform parents usually brood their chicks for the first few days after hatching. Thereafter, the chick is usually left alone by day, and visited to be fed only at night (Brooke 1990) . Chicks generally receive small food about this stage (Warham 1990) . However, during the brooding stage feed masses delivered to the chicks at night may not fully reflect the masses of food carried by parents because energy is also needed for parental maintenance. Ricklefs (1983) suggested the brooding stage has the highest energy cost compared with any other breeding stage. Therefore, it is important to understand how parents allocate food to the chicks and their own maintenance during this stage. However, no detailed studies have been initiated to evaluate how parents regulate the costs of food delivery and energy between the two breeding stages.
In this paper, we examine natural variability in foraging trip duration, feed mass and feeding frequency of Streaked Shearwaters (Calonectris leucomelas) according to chick age during the early nestling stage. Particular attention was paid to the differences in provisioning rates between the brooding and early chick-rearing period. To assess the masses of food carried by adults during brooding, we measured the masses of food delivered to the chicks and changes in the adult body mass at the nest. In addition, we evaluated our results in relation to current explanations of the large lipid deposits in chicks. Chujado Islands, about 40km south of mainland Korea. The island has an area of approximately 22 ha with a maximum altitude of 79m. The island is covered with broadleaf evergreens, primarily Litsea japonica forest . The breeding population of Streaked Shearwaters is estimated to be about 7,500 pairs (Lee & Yoo 2002) .
Materials
Streaked Shearwaters breed in the northwest Pacific Ocean on islands off Korea, China and Japan (Marchant & Higgins 1990) . They are burrow-nesters with a one-egg clutch and have a long breeding period. Chicks hatch in mid August and attain the peak body weight (about 730g, 133% of adult body mass) at around 70 days old, with an average fledging period of 91 days (Oka et al. 2002) . The mass of food delivered to chicks overnight was determined from the sum of positive mass increments recorded at 4-h intervals from 18.00 h to 06.00h each night (SUM, after Ricklefs et al. 1985) . Periodic weighing was conducted for 12 days, including between 12 and 19 (8 days), 23 and 24 (2 days), and 26 and 27 (2 days) August 1999 in a total of 25 burrows. Therefore, each burrow was studied for 2-8 successive days or 2-12 days (212 chick days in total). Each weighing period lasted less than one hour, and chicks were always weighed in the same order.
We set the trap door at the entrance of each burrow at 18.00h. The function of the trap door was to retain the adult in the burrow. It allowed the entrance of birds, but prevented birds from leaving the burrow. When first caught, the parent was ringed and at every capture thereafter identified by its ring. The duration of individual foraging trips was defined as the time elapsed between two successive recoveries of the same bird. Only 9.4% of the birds escaped during recaptures; we excluded those cases from the analysis. However, because our consecutive study period was relatively short (maximum eight successive days), the trips of uncertain duration (lasting at least three days), which spanned the beginning or end of this study period, were included in the analysis. After catching an adult, we removed the trap door from its burrow to reduce disturbance. We also removed all trap doors from the study burrows at 02.00h allowing the shearwaters to return to the sea at 04.00-05.00h.
In some cases, after removing the trap doors, mass increments of chicks indicated visits by the other parent. However in many cases, we could catch both adults at the same time, or catch the other adult after removing the trap door. Therefore, we believe that removing the trap door did not have an influence on the estimate of trip duration.
Correction for meal mass and definition of feed mass
Mass increment of chicks is an index of meal mass by one or both parents, but should be corrected to take into account mass lost by chicks through respiration and excretion during the 4h between weighings. Assuming that feeds are distributed uniformly over among 1-18 day old chicks, so that the daily food deliveries (SUMs) underestimated meal masses by 6.6g on average.
A feed mass was defined as one mass increment of a chick with one parent in a same weighing interval. If two mass increments were detected when two parents were caught in separate weighing intervals, we assumed that chicks were fed twice at night. On eight occasions both parents were present at the same time period, and we could not determine the mass of one feed. However, these were regarded as two feed masses. When the trap doors were removed, the additional mass increments were generally regarded as feedings by the other parent. The mass increments of chicks without catching adults as escaping from the recaptures were 23 occasions. If chick mass increased in the separate weighing feeding frequency at night, single feeds were classified as cases when chicks were fed once at night and double feeds were defined as the cases chicks were fed twice at night. Results were analyzed according to chick age and we recorded a total of 253 feed masses from 261 feeds.
The mass of food carried by parents during brooding
To investigate the mass of food carried by parents during brooding, the feed masses by brooding parents and their mass losses at the nest were measured in 11 of 15 brooding burrows (22 cases in total). To reduce the variation of mass loss rate of adults, we analyzed only the cases in which the parents remained in the burrows for one day. The body mass loss of the adult, from night to 18.00h the following day, may not equal the real mass of food for energy of parental maintenance; however, in White-chinned Petrels (Procellaria aequinoctialis) most fishes are digested in 12h, and other foods, such as cephalopods and crustaceans, are also consumed in a day (Jackson & Ryan 1986) . Therefore, it is suggested that the brooding parents consumed all the food they brought back in this study. However, if adults may have retained food within the digestive system, the mass losses of the adults during brooding may represent the minimum amount of food for their maintenance. If the parents feed the chicks between weighing intervals, those amounts of food were excluded from the body mass losses of the adults after correction (see Results).
Statistical analysis
Prior to statistical analysis, we checked the data for normality and homogeneity of variances. If one of these conditions was not met (Zar 1999), nonparametric tests were used or to create more homogenity of variance, logarithmic transformation was used. Therefore, group differences were tested with a paired t-test or nonparametric KruskalWallis test, and a Mann-Whitney U test or Chi-squire test. We examined variation in
Results
Chick growth and brooding stage
Foraging trip
Feed mass and daily food delivery Adults started to return to land at dusk, and of a total of 261 feeds, the peak feeding third peaks were during 22-02h (26.8%, n=70) and 02-06h (13.4%, n=35), respectively. Daily feed mass and daily food delivery (SUM), including occasions when chicks were not fed, were significantly different according to chick age (Fig. 3a , non-parametric one-way ANOVA, x8 2=63.383, P<0.001; x8 2=76.451, P<0.001, respectively). Of the total number of feeds, 27 feeds (10.3%) were fed by parents who remained with their chicks, and the daily frequencies of these feeds decreased from 18 (94.7%) in 1-2 day old chicks to 2 (5.1%) in 5-6 day old chicks (Fig. 3a) . During brooding, the mass of nightly feeds increased according to chick age (Fig. 3b, F1, 25=5 .071, P=0.033, r2=0.17, logy= 1.2+0.06x).
However, the body mass of some chicks increased during the daytime 3b). These results suggested that adults that stayed with their chick in the daytime also fed it. To calculate the total masses of food delivered to the chicks by individual parents during brooding, diurnal mass increments of chicks were also corrected by the amount of respiration and excretion. Among 1-6 day old chicks, the mass loss of chicks (n=10) not value represents the rate of mass loss of chicks before feeding at 12h intervals. In addition, there were 24 cases in which chicks were fed only during the first weighing interval (18.00-22.00h). Therefore, we could calculate the body mass loss of the chicks after feeding for intervals 4h, 8h and 20h. The equation for the rate of body mass loss of chicks after feeding (y) according to weighing intervals (hour, x) was: log y=0.62+ 0.033x (F1, 55=64.258, r2=0.54, P<0.001) . The rates of mass loss before (r1) and after (r2) feeding at 12h intervals were 0.8g/h and 0.9g/h on average, respectively. By following the same correction method (see Methods), diurnal mass increments of chicks during 1-6 chick days underestimated the feed masses by 10.2g on average.
The total amount of food delivered to the chicks during brooding was not related to chick age (Fig. 3b, F1, 27=0 .076, P=0.785). During brooding the average nightly feed During early chick rearing among 5-18 chick days, feed mass was significantly different according to chick age (Fig. 3a , non-parametric one-way ANOVA, x6 2 =27.059, P<0.001).
When chicks were fed by both parents in separate intervals at nights, the 11.6-61.5, n=22). Out of the 22 body mass losses of adults between 06 .00h and 18.00 adult body mass loss after correction and added into the amount of chick feeding . By this estimation, the amount of food carried by the parents during brooding was 57 .2g (SD = 17.4, n=22) on average, with food presented to chicks during nocturgreater than the average feed mass or single feed mass during early chick rearing (MannWhitney U test, Z=-2.741, P = 0.006; Z=-2.399, P=0.016, respectively) . Although the overall feed mass from nocturnal and diurnal feedings did not increase according to chick age (F1 , 20=0.163, P=0.690), the nightly feed mass increased significantly (Fl, 17= 8.468, P=0.01, r2=0.33, logy=1.1+0.09x) .
Food for daily parental maintenance in the nest was not related to chick age (F1 , 20=0.005, P=0.944) and was larger than during the P=0.04). The amount of food brought back by brooding parents was not related to chick age (Fig. 4a, F1 , 20=0 .73, p=0.790), but parents carrying larger food could feed larger feeds to the chicks (Fig. 4b, F1 , 20=38 .055, P<0.001, r2=0.66, y=-7.6+0.63x).
Moreover, the two cases when only small food (less 35g) was brought to the nest , the parents did not feed the chicks (Fig. 4b) .
Feeding frequency and intervals between feeds
Out of a total of 212 chick days, chicks were not fed on 19 days (9%), were fed once on 125 days (59%) and were fed twice on 68 days (32%) at night . Therefore, 91% of the difference of feeding rates between the brooding and chick-rearing period , the chicks not brooded during 1-4 chick days were excluded from the analysis, and feeding frequency in 5-6 day old chicks was divided into the brooding and unbrooding periods (Table 2) . During the brooding stage, feeding frequency was not different among 1 to 6 day old chicks (Table 2, x2 2=0.15, P>0.90), so 79.5% of chicks were fed once per night . During the chick-rearing period, feeding frequency was not different among 5 to 18 day old chicks (Table 2 , 12 2=4.90, P>0.95). All together, 5.9% of chicks were not fed, 54.2% were fed once and 39.9% were fed twice per night. because only one parent could forage at a time during brooding. However, mean daily feeding rates per foraging adult were not different between brooding (79.5%, n=44) and early chick rearing (66.3%, n=306) ( Table 2 , Mann-Whitney U test, Z=-1.675, P= 0.094). Intervals between days when chicks received at least one feed were recorded on 144 occasions during the study period; 137 (95%) were during one night and 7 occurred during two nights with a mean of 1.1 nights (SD=0.2). Discussion Oka et al. (2002) showed Streaked Shearwater adults stayed with their chick for four days after hatching on average, and 17-18 day old chicks gained about 260g of body mass when they were measured once daily. These results were similar to our results. In this study, mean daily rates of mass gain were not different between chicks weighed overnight and those weighed only once daily. Therefore, we think parental visits were not disturbed during the period, and the procedures used in this study produced reliable results.
Streaked Shearwaters foraging duration mainly lasted one day during the early chick-rearing period. The Wandering Albatross (Diomedea exulans) is known to have relatively short foraging trips during the hatchling stage compared with any other breeding stage, possibly to ensure regular provision of food to their chicks (Weimerskirch et al. 1993 ). In addition, it is known that the sea adjacent to Sasudo Island is a nursery ground for Anchovy (Engraulis japonicus) (Yoo et al. 1998) , probably the main diet of Streaked Shearwaters. These facts may indicate that adults fed close to the colony during the study period. However, by using satellite transmitters Oka et al. (2002) showed that Streaked Shearwaters of Mikura Island foraged for 7 to 10 days, and the feeding range included areas up to 550km far from the colony during the late chick-rearing period. Therefore, the lengths of foraging trips may vary throughout the full nestling period.
It is known that several seabirds, such as Cory's Shearwaters (Calonectris diomedea), Northern Fulmars (Fulmarus glacialis) and Manx Shearwaters (Puffinus puffinus), frequently visit their chick without feeding, which may be due to variation of foraging success (Granadeiro et al. 1998 , Phillips & Hamer 2000 , Gray & Hamer 2001 . In our study, eight cases (3%) occurred when we caught a parent at night but the body mass measurements of chicks did not increase. We regarded these as no feeding cases and excluded from the analysis.
Chicks were fed less frequently with small food during the brooding period than during the chick-rearing period. However, this does not indicate that brooding parents carried small food and less frequently visited. Conversely, they visited their chick with larger food, and although those were not significantly different, the percentage of visit per forager during brooding was higher than early chick rearing. From the energy perspec-tive, the brooding parents must satisfy not only the requirements of the chicks but also the energetic maintenance for themselves during brooding. The energy requirement of Sooty Terns (Sterna fuscata) during brooding was three times higher than those during chick rearing (Ricklefs 1983 ). Therefore, adults should seek to terminate brooding as early as possible (Roby 1991) , to reduce parental efforts and increase food for chicks. However, if a chick is unable to take the amount of food offered by the parent, it may be advantageous that the parent brood it's chick to feed more. This assumption is supported by the result that most diurnal feedings occurred soon after hatching (Fig. 3b) . Harris (1966) and Hamer et al. (2001) also suggested that small chicks have limited gut capacity, and so during the brooding period they are fed with small feeds several times a day by the attending parent.
The total food delivered to the chicks, however, did not increase during brooding, indicating that although the mass of food, which the chicks could swallow, was increased with chick age, the mass of feeds, which the brooding parents could deliver to the chicks was limited. This limitation may arise from the fact that the masses of food carried by parents during brooding were controlled by parental foraging success rather than the requirements of chicks (Fig. 4) . Especially, these data were obtained from the parents frequently visited the nest, implying that the amount of food carried by the parents may be limited by their foraging time rather than their maximum carrying capacities. Therefore, the brooding parents could not satisfy the needs of their growing chick day by day because of the allocation of energy resource between them. In conclusion, if the chicks want more food than the brooding parents can deliver, the parents may terminate brooding to increase provisioning rates, and the gut capacity of the chicks may be an indicator showing the requirements of the chicks.
During the chick-rearing period the adults are not tied to the nest. They briefly feed their chick and depart the nest at dawn. Feed mass and feeding frequency were greater during chick rearing than during brooding because total food carried by both parents could be delivered to the chicks. However, energy requirements of individual adults at the nest were considerably reduced (Ricklefs 1983) . During the study period, chicks could not take all of the food provided by both parents in the same night (Table 1) . Similar results were reported for Manx and Cory's Shearwaters (Granadeiro et al. 1999 , Gray & Hamer 2001 . Granadeiro et al. (1999) suggested that this satiation effect is detected only the studies, which provided the visit of individual adults and probably occur in other Procellariiformes. In particular, the results of the two species were obtained during the middle or full-grown stage of the chick-rearing period, implying occasionally the food delivery is limited by the chick's gut capacity rather than parental foraging success throughout the chick-rearing period. In our study, the mass of feeds when chicks fed once a day was increased according to the chick growth ( Table 1 ), indicating that although the chicks could not receive full mass of food from both parents at night, the gut capacity of the chicks and the feed masses by parents increased with chick growth during the early nestling stage. (McLelland 1979) . For example, the proventriculus of a Great Horned Owl (Bubo virginianus) is about half the size of the gizzard, whereas its size in a Leach's Storm-Petrel (Oceanodroma leuchorhoa) is about 20 times larger than the size of the gizzard (Duke et al. 1989) . This indicates that the food containing capacity of both adults and chicks are important in the provisioning pattern of Procellariiformes, because they have a relatively long feeding interval compared with those of land birds. Schaffner (1990) suggested that feed mass is a practical compromise between the limits of the swallowing capacity of the chicks and carrying capacity of the adults.
The results described here may provide a clue to the question of how the parents knowing the need of chicks make them accumulate large lipid deposits. If each adult feeds the chick to satisfy entire or large amount of the chick's gut capacity, the discrepancy between the amounts of food, which both adults provide and the requirement of the chick would be even greater. Although more detailed studies of the proper size of feed mass delivered to the chicks are needed throughout the nestling period, eventually the feed mass targeted to the chicks' gut capacities may lead to their obesity and act as a buffer against the variation of food delivery.
